a decade. 3 Although current multimodal therapies have improved, the prognosis of GBM is still very poor, with a median survival of only 14.6 months. 4, 5 The rapid recurrence and TMZ resistance of glioma are the main difficulties in treatment. Therefore, it is critical to find new therapies for GBM treatment and to better understand the molecular mechanism of TMZ resistance. TMZ exerts antitumor effects by methylating the O 6 position of guanine (O 6 -G) in DNA and causes base mispairing by continuously inducing O 6 -methylguanine adduct. It then induces cell cycle arrest and, ultimately, apoptosis. 6 However, the DNA repair protein MGMT (O 6 -methylguanine-DNAmethytransferase) reverses the mutagenic and lethal effects of TMZ by removing the methyl adducts from the O 6 position of guanine; therefore, MGMT mediates the resistance of glioma cells to TMZ. [7] [8] [9] Furthermore, clinical studies have demonstrated that patients with low expression of MGMT are more sensitive to TMZ chemotherapy, proving that the expression of MGMT remains a main cause of GBM's chemotherapy resistance 7, 10, 11 Thus, reduction of MGMT expression in glioma cells may contribute to overcoming the resistance to TMZ.
20(S)-ginsenoside-Rg3 is a stereoisomer of 20(R)-
ginsenoside-Rg3; they are the 2 stereoisomeric pairs of ginsenoside-Rg3 which is a tetracyclic triterpenoids saponins monomer, extracted and purified from Panax ginseng C. A. Meyer. 12, 13 Studies report that 20(S)-ginsenoside-Rg3 displays more effective clinical effects than 20(R), especially in the antitumor area. [14] [15] [16] [17] [18] Several studies have shown that drug 20(S)-Rg3 is nontoxic and well-tolerated in organisms, including in mice, rats, dogs and humans. [19] [20] [21] [22] Referring to the pharmacokinetic characteristics of 
| MATERIAL SANDME THODS

| Reagentsandchemicals
| GBMcellculture
The T98G and U118 GBM cell line were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). GBM-XX is a primary cell strain derived from the surgical specimen of a patient with World Health Organization grade IV GBM undergoing resection in accordance with a protocol approved by the Ethics Committee of our hospital and with prior informed consent from the patient.
The culture medium was composed of DMEM (Life Technologies/ Gibco, Carlsbad, CA, USA) and 10% FBS (Life Technologies/Gibco, Carlsbad, CA, USA), 100 U/mL penicillin and 100 μg/mL streptomycin (Gibco, Grand Island, NY, USA). The cells were cultured at a density of 1 × 10 5 cells/mL. These cells were incubated at 37°C with 5% CO 2 and 100% humidity.
| TotalRNAextraction,reverse transcriptionandqPCR
Total RNA was extracted from cell lines using TRIzol (TaKaRa, Dalian, China) according to the manufacturer's protocol. For mRNA analysis, the Primer-Script one step RT-PCR kit (TaKaRa) was used to reverse transcribe RNA into cDNA. The cDNA templates were amplified by RT-PCR using the SYBR Premix Dimmer Eraser kit (TaKaRa). GAPDH was used as an internal control. The real-time PCR
were performed in triplicate. The primer sequences used were as follows: for GAPDH,5′-GTCAACGGATTTGGTCTGTATT-3′(forward) and 5′-AGTCTTCTGGGTGGCAGTGAT-3′(reverse); for MGMT,5′-GTTATGAATGTAGGAGCCCTTATG-3′(forward) and 5′-TGACAAC GGGAATGAAGTAATG-3′(reverse). The relative mRNA expression change was calculated using the 2 −ΔΔCt method.
| Westernblot
Western blot assay was carried out as previously described. 24 Cells were washed with PBS and then lysed with RIPA lysis buffer (Solarbio, China) and protease inhibitors (Roche Applied Science, Indianapolis, Switzerland). The protein concentration was measured using the bicinchonininc acid (BCA) protein assay kit (Beyotime Biotechnology, Shanghai, China). Equal amounts of protein were subjected to 10% SDS-polyacrylamide gel electrophoresis and transferred onto PVDF membranes. The membranes were subsequently blocked with 5% non-fat milk for 2 hours and incubated with primary antibodies overnight at 4°C. The primary antibodies used were anti-MGMT 
| Cellviabilityassay
Cell viability and proliferation was, respectively, evaluated using the cell counting kit-8 solution (CCK-8) assay (Dojindo, Japan 
| Transwellinvasionassay
Cell invasion assays were performed using 24-well Transwell 
| Immunofluorescenceanalysis
Cells were cultured on glass coverslips in 6-well plates, and 20(S)- 
| AnnexinV-FITC/PIapoptosisassay
Cell apoptosis was measured using an annexin V- 
| Tumorxenograftexperimentandtumor peritonealmetastasisexperiment
For 
| Statisticalanalysis
All statistical analyses were performed using SPSS 20.0 (SPSS, Chicago, IL, USA). Data were expressed as mean values ± SD. The differences between groups were calculated using Student's t test.
All the P-values were 2-sided and P < .05 was considered to be statistically significant. 
| RE SULTS
| 20(S)-
| GinsenosideRg3inhibitsO
6 -methylguanine
DNA-methyltransferaseexpressioninglioblastomaby modulatingWnt/beta-cateninpathways
To determine whether the 20(S)-Rg3 inhibits MGMT expression is related to Wnt/β-catenin signaling, a series of western blot experiments were carried out. These results suggested that expression of the key downstream effector β-catenin of the Wnt signaling pathway is obviously suppressed by 20(S)-Rg3 (100 μmol/L for 3 days).
As shown in Figure 2 , the related nuclear transcription factors LEF1
and TCF1/TCF7 were distinctly decreased. In addition, the target genes CD44, C-Jun, C-Myc, cyclinD1, Survivin and MMP7 were changed similarly to those of MGMT as well, but there was no obvious effect on MET and Axin-2.
| 20(S)-Rg3augmentstemozolomide-mediated chemotherapy
To 
| 20(S)-Rg3displayssynergisticactivitywith temozolomideininvivoxenograftmodels
To further examine the effect of 20(S)-Rg3 synergistic activity with TMZ in vivo, U118 cells were injected into nude mice subcutaneously.
According to some references, 23 Western blot for the subcutaneous tumors indicated that the MGMT level in tumor tissue was significantly suppressed ( Figure 4C ). In addition, the combination of 20(S)-Rg3 and TMZ did not display adverse consequences or obvious toxicity; it was well-tolerated in nude mice.
| 20(S)-Rg3restrainsthe epithelial-mesenchymaltransitionprogressionof gliomacellsinvitroandinvivo
In addition, we found that 20(S)-Rg3 significantly inhibited the migration and invasion of glioma cells. As shown in Figure 5 , the results of wound healing (Fig. 5a, b) and transwell invasion assays 
| D ISCUSS I ON
As the most common malignant intracranial tumor, glioblastoma has a very fast course and extremely poor prognosis. At present, the treat- 
CO N FLI C TO FI NTE R E S T
The authors declare that they have no conflicts of interest. 
